. The cyanogenic glucosides can be hydrolysed by theglucosidase, linamarase (Coop, 1940 ) the production of which is governed by the dominant gene Li. Hydrolysis yields acetone (from linamarin), methyl-ethyl-ketone (from lotaustralin), glucose, hydrogen cyanide and water. Hughes (1968) maintains that two -glucosidases occur in Trjfolium repens, one, linamarase of high activity, the other of low activity. Corkill (1940) showed that individual plants may contain both enzyme and glucoside (AcLi), enzyme only (acLi), glucoside only (Acli) or neither (acli). Daday (1954a Daday ( , b, 1958 measured the contribution of each of the four phenotypes to populations of Trfo1ium repens sampled on a world scale and found that high frequencies of both Ac and Li genes were associated with warm winter conditions. He concluded that in cool climates selection occurs against both genes and showed a close correlation between their frequencies and the January isotherms. For example, a decrease of 10 F. in January mean temperature was found to correspond to a reduction of 423 per cent. in the frequency of the glucoside gene. Daday (1965) has suggested that the mechanism of selection against the cyanogenic property in cold climates is tissue death resulting from irreversible inhibition of respiration by HCN, following the activation of linamarase by low temperatures. It appears that in a normal leaf cell the enzyme and substrate are kept apart although it is not known exactly where each is located. On the basis of experimental evidence Melville and Doak (1940) suggested that the cytoplasm contains 25 per cent. of the lotaustralin and that the remainder is located in the vacuole. According to this hypothesis the vacuolar glucoside would the not be accessible to the enzyme unless damage occurred to the internal membranes of the cell. We may assume, however, that glucoside and enzyme are brought into full contact when the leaf is chewed, crushed or treated 181 artificially with reagents such as toluene or chloroform, or when the waterrelations of the cells are disturbed by frosting.
In the light of these facts and theories, we might expect desiccation to be as capable as frosting of releasing HON into the tissues and hence of exerting selection against the genes responsible for cyanogenesis. In an attempt to test this hypothesis two approaches are possible. One is to measure the frequency of the genes Ac, ac and Li, ii in populations in continuously moist and in droughted habitats. The second approach, which has been adopted in the two experiments described in this paper, is to compare the reaction of cyanogenic and acyanogenic phenotypes to soil moisture stress.
Trzj'olium repens, the species used in the experiments, is a perennial, stoloniferous herb. In this species competitive ability depends upon both vegetative and sexual reproduction and the relative importance of the two varies with the ecological situation. In measuring response to moisture Stress it was necessary therefore to consider both vegetative growth and flowering.
The plants used in both experiments were obtained by propagation of cuttings from plants collected from a population established on a shale path (Rugeley, Staffordshire), containing the four phenotypes, AcLi, Acli, acLi and acli. The phenotypes were distinguished using the picric acid paper technique (Daday, I 954a).
MATERIALS AND METHODS

Experiment 1
On 7th June 1969, into each of 32 square garden plots of side 60 cm. was placed four well-rooted plants (one each of the four phenotypes of Trjfolium repens). All transplants bore healthy root nodules. The moisture régime of the soil was varied by altering the depth of soil in some of the plots by inserting a continuous polythene sheet at a depth of 5 cm., 10 cm. or 15 cm. In the control treatment no plastic was present and the soil, a fertile sandy loam, exceeded a metre in depth. The plots were arranged in two adjacent 4 x 4 latin squares and within each plot the plants were allocated at random to positions on a grid. Each plot was watered initially with 250 ml. of Crone's solution (Fred, Baldwin and McCoy, 1932) and this was followed by daily applications of tap-water until 21st June 1969; subsequently no watering was carried out, and the plants were dependent upon rain.
Soil moisture. In order to compare the conditions of water stress experienced in the four types of plot, soil samples were taken after a period of 7 days without rain. Two samples were removed from each plot from the surface and from a depth of 5-10 cm. The water content was determined by oven-drying at 1000 for 24 hours. The pH of the soil in each treatment was determined at the beginning and end of the experiment. All replicates were harvested on 12th September 1969. Measurements included the number of fatalities, dry matter production (root and shoot were weighed separately), radial expansion of the shoot, number of plants in flower and number of inflorescences per plant.
Experiment 2
This experiment was designed to increase the severity of desiccation and to induce a larger number of fatalities. Cuttings of the four phenotypes of Trfo1ium repens (15-17 replicates per phenotype) were grown in 20-cm. pots for 120 days under glasshouse conditions (minimum temperature 20° C.), with daily watering. At the end of this period the plants were subjected to 4 days without water, then the soil in each pot was thoroughly saturated. This cycle was repeated five times. Dead plants were counted at the end of the experiment.
RESULTS
Experiment 1
Measurements confirmed that there was little variation in soil pH either between treatments or during the course of the experiment (table 1). The mean maximum daily temperature over the whole experimental period was 224C. The total rainfall experienced was 194 mm., of which only 12 mm. fell during the first 30 days of the experiment. Determinations carried out during this initial period of drought (table I) showed that there was a progressive decrease in soil moisture content from the deeper to the shallow plots. Fatalities were confined to the plots with 5 cm. of soil and their number did not permit an adequate comparison between phenotypes; out of a possible maximum of eight fatalities for each phenotype the numbers recorded were AcLi two, Acli one, acli one and acLi none.
The diameter of the shoot at harvest (table 2) was directly related to the depth of the soil and each of the four phenotypes produced shoots of small diameter in the plots containing 5 cm. of soil. Although no difference in this respect could be found in the shallow plots, the two ac phenotypes were significantly larger than the two Ac phenotypes in the control treatment.
A pattern similar to that obtained for shoot diameter emerges when yield is considered (table 2). In the control plots the ac phenotypes produced greater yields than the Ac phenotypes (these were not statistically significant differences however). On the shallow soils there were again no marked differences between the four phenotypes. With respect to root : shoot ratio (table 2) , no significant differences were associated with phenotype suggesting that there is no differential transport of photosynthate to the roots in any of the phenotypes in moist or droughted conditions. The percentage of plants in flower in the various treatments is illustrated in fig. 1 , which shows that the four phenotypes responded to decreasing soil depth by a reduction in the number of plants which flowered. None of the cyanogenic (AcLi) replicates produced flowers in the 5 cm. or 10 cm. plots and only one of the eight replicates flowered in the 15 cm. and control treatments. All the ac phenotypes flowered in the controls and, at all soil depths, the number of plants in flower was superior to that achieved by the AcLi phenotype. It is interesting to note that the low incidence of flowering is peculiar to the cyanogenic plant and that the Acli phenotype closely resembles the adLi and acli phenotypes in its performance.
In terms of number of inflorescences per plant at harvest ( fig. 1 ) the cyanogenic (AcLi) plants are inferior in all treatments and again no differences could be recognised between the three remaining phenotypes.
Experiment 2
The results are presented in table 3 and show that the proportion of fatalities occurring in the Ac phenotypes at the end of the five drought cycles was almost three times that of the ac phenotypes (p <0.01).
Dzscussio
The experiments described in this paper have involved measurements of drought fatalities and of the vegetative and reproductive vigour of the four phenotypes of Trfolium repens under moist and droughted conditions. When the results are examined evidence can be found of differences between phenotypes with respect to each parameter. It is important to recognise, however that these differences are of two types. The first includes responses peculiar to the cyanogenic phenotype (AcLi). The second involves differences associated only with Ac/ac locus.
Amalgamation of the results of Experiments 1 and 2 reveals that 4l'7 per cent, of the AcLi phenotype and 32' 1 per cent, of the Acli replicates were killed by drought, but only 12-0 per cent, of the acLi and 16-7 per cent, of the acli plants failed to survive. It is tempting to ascribe the high mortality of the AcLi phenotypes to the release of HON following damage to the cells by desiccation. However, it is uncertain whether such a reaction could occur in the Acli phenotypes which do not contain the enzyme necessary for the release of HON. Alternatively, the association of the Ac gene with drought sensitivity may be due to linkage between Ac and other genes which render the plant susceptible to soil moisture stress. Linkage between the gene Ac and genes affecting the vegetative vigour of Trzj'olium repens is indicated by the results of Experiment 1 where, in the control plots, the ac phenotypes gave higher yields than the Ac plants.
From the data it is not possible to establish any causal relationship between the apparent drought sensitivity of the Ac phenotypes and their relatively slower rates of growth under conditions of adequate moisture supply (table 2) . In Experiment 2, where marked differential mortality was recorded, the time allowed for establishment in pots of moist soil prior to droughting precludes the possibility that the volume of soil exploited by the Ac plants was less than that drawn upon by the ac plants. Moreover, in Experiment 1, there were no significant differences either in the production of dry matter or in its partitioning between root and shoot between Ac and ac phenotypes harvested from the droughted treatments.
Evidence of an association between the gene Ac and drought mortalities has been obtained therefore, but must await both confirmation and elucidation.
Under both moist and droughted conditions in Experiment I there is evidence of low sexual reproductive vigour in the cyanogenic plants and it is clearly established that this feature is dependent upon the presence of both glucoside and enzyme genes. Both in terms of the proportion of plants in flower and in the number of inflorescences per plant, the performance of the cyanogenic phenotype is inferior to that of the acyanogenic phenotypes in all treatments. With decreasing soil depth flowering was drastically reduced in each phenotype and in the cyanogenic form the effect of this is to inhibit flowering completely in the most severely droughted treatments. It is interesting to note that Jones (1962) observed that, under field conditions, acli phenotypes of Lotus corniculatus produced more seed than cyanogenic plants growing in a similar environment. Differences in flowering between the phenotypes of Trfolium repens were also noted by Daday (1965) , who found that in areas having a high mean winter temperature sexual reproduction in Ac phenotypes was superior to that of the ac phenotypes. We do not know whether the inferior flowering of the cyanogenic phenotype in the present studies is due to pleiotropic effects of the genes Ac and Li or to their linkage to genes which influence reproduction.
5. SUMMARY 1. Under experimental conditions of severe drought, fatalities in Ac phenotypes of Trjfolium repens exceeded those in ac phenotypes by a factor of three.
2. Under sublethal moisture stresses the yields of Ac and ac phenotypes were not significantly different.
3. In moist conditions ac phenotypes attained higher yields than the Ac plants suggesting a possible linkage between the Ac gene and genes affecting vegetative vigour.
4. Cyanogenic plants displayed a low sexual reproductive vigour in all treatments and the effect of moisture stress was to inhibit flowering completely under conditions in which flowers were produced in all three acyanogenic phenotypes.
